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Abstract

Background It was reported that inhaled corticosteroids (ICS) treatment may affect local immunity and microbial community
of the airway. However, whether ICS treatment increases the risk of influenza in patients with asthma remains unclear. This
meta-analysis aimed to compare the risk of influenza between ICS and non-ICS treatment in patients with asthma.
Methods PubMed, Embase, Cochrane Library and Clinical Trials.gov were searched from inception until November 2019.
Randomized controlled trials (RCTs) were included that compared ICS treatment with non-ICS treatment on the risk of
influenza in patients with asthma. Meta-analyses were conducted by the Peto approach and Mantel-Haenszel approach with
corresponding 95% Cls.

Results Nine trials involving 6486 patients were included in this meta-analysis. The risk of influenza was not different
between ICS treatment and the control groups (Peto OR: 1.01, 95% CI 0.74-1.37, P=0.95). The results of subgroup analy-
ses based on durations (long-term and short-term treatment), doses (high-, medium- and low-dose treatment) and types
(fluticasone and budesonide treatment) of ICS were consistent with the above pooled results. Moreover, subgroup analysis
based on patients’ age also revealed that use of ICS did not increase the risk of influenza. Results of the two meta-analysis
approaches were similar.

Conclusions Use of ICS does not increase the risk of influenza in patients with asthma. This study adds to safety evidence
of ICS as a regular controller treatment for patients with asthma.
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Introduction affect local immunity and lead to respiratory infections of

the patients [3]. Recently, ICS-related respiratory infections

Asthma is a common, chronic respiratory disease affecting
1-18% of the population in different countries. Inhaled cor-
ticosteroids (ICS) constitute the cornerstone of asthma treat-
ment [1, 2]. Although ICS treatment is generally considered
safe and well tolerated in patients, regular use of ICS may
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have been widely concerned. Development of pneumonia
[4, 5], tuberculosis [6], and upper respiratory tract infection
[7] due to daily use of ICS have been observed in patients
with chronic obstructive pulmonary disease (COPD). Fewer
studies assessed the association between ICS treatment and
the risks of various respiratory infections in patients with
asthma. McKeever et al. reported increased risks of pneu-
monia and lower respiratory tract infections in patients with
asthma using ICS [8]. A meta-analysis of 4 observational
studies involving 44,016 participants revealed a significantly
increased risk of pneumonia in patients with asthma [9]. In
addition, a significantly increased risk of upper respiratory
tract infection has been observed in patients with asthma
[10]. However, to our knowledge, no study has systemati-
cally assessed the possible link between use of ICS and the
risk of influenza in patients with asthma.
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Influenza, one of the most common respiratory infec-
tious, is a highly contagious disease caused by influenza
viruses which can be severe, and result in hospitalization,
even death [11, 12]. Influenza causes an estimated 5 million
severe cases and 500 thousand deaths each year worldwide
[13]. Patients with asthma are more susceptible to severe
influenza due to chronic airway inflammation and type 2
immune responses [14, 15]. Moreover, influenza may lead
to severe asthma attacks [16]. Clarifying the possible link
between ICS treatment and risk of influenza is helpful to
guide the medication of asthmatic patients. Therefore, we
conducted this meta-analysis of all available randomized
controlled trials (RCTs) to assess the association between
the effects of various doses and types of ICS on the risk of
influenza in patients with asthma.

Methods

The study protocol was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) recommendations [17].

Search strategy

Two reviewers (HC, ZX) independently searched PubMed,
Embase, Cochrane Library and Clinical Trials.gov from
inception until November 2019. To maximize the search
for relevant references, we also conducted a manual search
using the reference lists of key articles. The search strategy
was as follows: asthma AND (“inhaled corticosteroids” OR
“ICS” OR “fluticasone” OR “flunisolide” OR “budesonide”
OR “beclomethasone” OR “mometasone” OR “ciclesonide”
OR “triamcinolone”) and clinical trial design. Disagree-
ments between two reviewers were resolved by discussion,
and consultation with a third investigator if necessary (LH).
The search was limited to English language publications in
human subjects.

Eligibility criteria

Eligible studies were identified through the PICOS crite-
ria (participants, interventions, comparators, outcomes
and study design) [17]. The inclusion criteria included:
(1) patients with asthma of any severity; (2) RCTs; (3) the
interventions included ICS, including ICS alone or as an
ingredient, with non-ICS treatment as a control (including
placebo or other inhaled drugs of corticosteroid free); (4)
RCTs providing data on influenza. The exclusion criteria
included: (I) non-RCTs, such as observational studies, case
series and reviews; (II) patients with COPD or bronchiecta-
sis or ambiguous diagnosis; (III) ICS were used in both the
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treatment group and the control group; (IV) non-English
articles.

Data collection process and risk of bias assessment

Two reviewers (HC, JY) independently and in duplicate
extracted relevant data from the included trials. The risk of
bias of the included RCTs was assessed using the Cochrane
Collaboration risk of bias tool [18]. The included RCTs were
assessed according to the following features: (1) random
sequence generation; (2) allocation concealment; (3) blind-
ing of participants and personnel; (4) blinding of outcome
assessment;(5) selective reporting; (6) incomplete outcome
data; (7)other bias. Each item was assessed as low, unclear,
or high risk of bias. Disagreements between the two review-
ers were resolved by discussion, and a third investigator
(KW) was consulted if necessary. The corresponding authors
were contacted when relevant data were not available.

Statistical analysis

A meta-analysis was conducted to evaluate whether exposure
to ICS was associated with the risk of influenza. The statis-
tical analyses were performed using the Review Manager
software (version 5.3.3, Cochrane Collaboration). As the
Peto OR approach provides the best confidence interval (CI)
coverage when events are rare [19], we calculate the pooled
Peto OR with 95% CI for the comparison of ICS treatment
vs non-ICS treatment. To account for the potential imbal-
ance of sample size of the included trials and interpret the
results more intuitively, we also computed the pooled risk
ratio (RR) for the comparison using the Mantel-Haenszel
approach [20]. Moreover, we conducted multiply subgroup
analyses to minimize the influences of clinical heterogeneity.
A two-tailed P value of less than 0.05 was set for statistical
significance. Statistical heterogeneity was assessed using the
I test, with >>50% being considered substantial [21]. A
random-effect model would be selected when a substantial
statistical heterogeneity was found. The GRADE profiler
(version 3.6, GRADE working group) was used to assess
the quality of the evidence provided by the results [22].

Results
Study selection and study characteristics

Figure 1 shows the study selection process. Nine published
RCTs met the eligibility criteria and were finally included
in the meta-analysis [23-31]. The 9 included trials enrolled
6486 subjects, of whom 4824 received ICS treatment and
1662 received non-ICS treatment. Of the nine RCTs, eight
were multicenter, double-blind, randomized trials. The
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Fig. 1 Flow of study selection

included trials were published from 2008 to 2019, with pop-
ulation sizes raging from 242 to 2258 subjects. Duration of
the included trials ranged from 1.5-12 months, with four tri-
als longer than 6 months, and 5 shorter than 6 months. Of the
nine RCTs, two involved the use of high-dose ICS (defined
as> 500 ug/day of fluticasone propionate or equivalent), two

involved medium-dose ICS (defined as > 250-500 ug/day of
fluticasone propionate or equivalent) six involved low-dose
ICS (defined as 100-250 ug/day of fluticasone propionate
or equivalent) [1]. Of the nine RCTs, six RCTs evaluated
fluticasone treatment, three RCTs evaluated budesonide
treatment and one RCT evaluated mometasone treatment.
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The characteristics of the included studies are presented in
Table 1.

Risk of bias and quality of evidence

All RCTs were assessed using the Cochrane Collabora-
tion risk of bias assessment tool. The results of risk of bias
are presented in Fig. 2a, b. Eight RCTs had a low risk of
bias. One RCT had a high risk for performance bias and an
unclear risk for detection bias, and one RCT had an unclear
risk for allocation concealment. Three RCTs had an unclear
risk due to other bias, mainly because of the potential fund-
ing bias. Quality of the evidence provided by the results
assessed by GRADE is presented in Table 2.

Use of ICS and risk of influenza

For nine included RCTs, the crude risk of influenza was
4.1% (197 of 4824 patients) in the patients receiving ICS
treatment, 3.7% (62 of 1662 patients) in the patients receiv-
ing non-ICS treatment, and 4% in all patients (259 of 6486
patients). No significant association was found between
use of ICS and risk of influenza by the Peto approach (Peto
OR: 1.01, 95% CI1 0.74-1.37, P=0.95) (Fig. 3). The result
was rated as high-quality evidence by GRADE assessment
(Table 2). Result of the Mantel-Haenszel approach also
revealed no significant difference in the risk of influenza
between the ICS treatment group and non-ICS treatment
group (RR: 1.01, 95% CI 0.76-1.35, P=0.95) (Table 3).

Table 1 Characteristics of the included studies

There was no obvious heterogeneity among the studies
(P=0%).

ICS treatment of different durations and risk
of influenza

Of the eligible RCTs, four trials assessed the long-term use
of ICS, and five trials assessed the short-term ICS treat-
ment. According to the Peto approach, long-term use of
ICS was not associated with the risk of influenza compared
to the control group (Peto OR: 1.05, 95% CI 0.75-1.48,
P=0.76) (Fig. 4, Table 3). The pooled result based on the
RCTs related to short-term ICS treatment was also consistent
with the above (Peto OR: 0.85, 95% CI 0.42-1.69, P=0.63)
(Fig. 4, Table 3). The above results were rated as high-qual-
ity evidence by GRADE assessment (Table 2). The results
of Mantel-Haenszel approach were also consistent with the
results calculated by Peto OR approach (Table 3). There was
no obvious heterogeneity among the studies (all /> < 50%).

ICS treatment of different doses and risk
of influenza

Of the eligible trials, two trials assessed the use of high-
dose ICS, two trials assessed the medium-dose ICS treat-
ment, and six trials assessed the low-dose ICS treatment,
respectively. No significant dose—effect relationship was
found. According to the Peto approach, high-dose ICS
treatment was not associated with the risk of influenza

Name [Inf.] Year Age (years) Interventions Duration No. of Influenza /
(months) No. of Total
ICS Control ICS (ug) Control ICS Control
Chuchalin [23] 2008 33.8 (12-76) 35 (12-78) FP 100 bid or FSC 100/50 bid ~ Placebo 12 104/1943 20/315

Berger [24] 2010 38.3+13.3 (16-79) 36.5+13.2 (16-70) BUD/FM 320/18 bid or BUD/  Placebo 3 16/598  3/153
FM 320/9 qd or BUD/FM
160/9 qd or BUD 320 qd
Woodcock [25] 2011 45.2 444 FF 200 qd (AM) or 200 qd Placebo 2 4/440 2/101
(PM) or 400 qd (AM) or 400
qd (PM) or 200 bid
Busse [26] 2012 46.3+14.3 (12-77) 47.2+14.0 (16-78) FF 200 qd or 400 qd or 600 qd  Placebo 2 6/519 1/103
or 800 qd or FP 500 bid
Meltzer [27] 2012 38.3+164 38.1+174 MEF 100 bid or MF/FM 100/10  Placebo 6 7/370 7/376
bid
Byrne [28] 2014 36.7+16.2 (12-77) 33.8+13.9 (12-68) FF 50 qd (PM) Placeboor 3 1/121 4/121
FM 10 pg
bid
Busse [29] 2014 35.8+15.8 (12-81) 37.6+18.0 (12-77) FF 50 qd (PM) or FP 100 bid ~ Placebo 6 10/232  4/115
Meltzer [30] 2015 9.0+1.6 9.0+1.6 BUD 160 bid Placebo 1.5 4/152 4/152
Beasley [31] 2019 35.5+14.2 35.8+£14.0 BUD 200 bid Placebo 12 45/449 17/226

ICS inhaled corticosteroids, F/P fluticasone propionate, SFC salmeterol/ fluticasone propionate, BUD budesonide, FM formoterol, FF fluticasone

furoate, MF mometasone furoate, bid, twice a day, gd, once a day
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Fig.2 aand b Risk of bias of
the included studies
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compared to the control group (Peto OR: 0.68, 95% CI
0.16-2.86, P=0.6) (Fig. 5, Table 3). The pooled results
based on the RCTs related to medium-dose ICS (Peto OR:
1.14,95% CI1 0.41-3.18, P=0.8) treatment and low-dose
ICS treatment (Peto OR: 1.03,95% C10.75-1.42, P=0.86)
were also consistent with the above (Fig. 5, Table 3). The
above results were rated as moderate, moderate- and high-
quality evidence by GRADE assessment (Table 2). The
results of Mantel-Haenszel approach were also consistent
with the results calculated by Peto OR approach (Table 3).
There was no obvious heterogeneity among the studies
(all > <50%).

ICS of different types and risk of influenza

Of the eligible RCTs, six trials assessed fluticasone treat-
ment, and three trials assessed budesonide treatment.
According to the Peto approach, fluticasone treatment was
not associated with an increased risk of influenza compared
to the control group (Peto OR: 0.84, 95% CI 0.56-1.25,
P=0.38) (Fig. 6, Table 3). Budesonide treatment was also
not associated with a significant effect on the risk of influ-
enza compared to the control group (Peto OR: 1.3, 95% CI
0.82-2.08, P=0.27) (Fig. 6, Table 3). The above results were
rated as high- and moderate-quality evidence by GRADE
assessment (Table 2). The results of Mantel-Haenszel
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Table 2 Quality of the evidence provided by the results assessed by GRADE

Risk of influenza No of Partici- Relative effect (95% CI)  Anticipated absolute effects Quality (GRADE)
pants (studies) B B - - -
Risk with Risk difference with ICS
non-ICS treat- treatment (95% CI)
ment
ICS treatment vs. non-ICS 6486 (9 RCTs) Peto OR 1.01 (0.74-1.37) 37 per 1000 0 more per 1000 (from 10 & & & & HIGH
treatment fewer to 14 more)
Long-term use of ICS vs. 4026 (4 RCTs) Peto OR 1.05 (0.75-1.48) 47 per 1000 2 more per 1000 (from 12 & & & @ HIGH
non-ICS treatment fewer to 22 more)
Short-term use of ICS vs. 2460 (5 RCTs) Peto OR 0.85 (0.42-1.69) 22 per 1000 3 fewer per 1000 (from 13 & & & © HIGH
non-ICS treatment fewer to 15 more)
High-dose ICS treatment 1163 (2 RCTs) Peto OR 0.68 (0.16-2.86) 15 per 1000 5 fewer per 1000 (from 12 & & & ©MODERATE®
vs. non-ICS treatment fewer to 27 more)
Medium-dose ICS 611 2RCTs) Peto OR 1.14 (0.41-3.18) 23 per 1000 3 more per 1000 (from 14 @ @ & ©@ MODERATE?
treatment vs. non-ICS fewer to 50 more)
treatment
Low-dose ICS treatment 4865 (6 RCTs) Peto OR 1.03 (0.75-1.42) 42 per 1000 1 more per 1000 (from 11 & & & & HIGH
vs. non-ICS treatment fewer to 18 more)
Fluticasone treatment vs 4756 (6 RCTs) Peto OR 0.84 (0.56-1.25) 34 per 1000 5 fewer per 1000 (from 15 & & @ @ HIGH
non-ICS treatment fewer to 8 more)
Budesonide treatment vs 1730 (3 RCTs) Peto OR 1.3 (0.82-2.08) 45 per 1000 14 more per 1000 (from 8 & & & © MODERATE ¢
non-ICS treatment fewer to 49 more)
ICS treatment and risk of 6182 (8 RCTs) Peto OR 1.01 (0.74, 1.38) 38 per 1000 0 more per 1000 (from 10 & & & & HIGH
influenza in adults and fewer to 14 more)
adolescents (12 years and
older)
ICS treatment and risk 304 (1 RCT)  Peto OR 1 (0.25, 4.06) 26 per 1000 0 more per 1000 (from20 & & & © MODERATE *

of influenza in children
(6-11 years)

fewer to 73 more)

GRADE Working Group grades of evidence
HIGH High quality of evidence, MODERATE Moderate quality of evidence, /CS Inhaled corticosteroids, CI Confidence interval, Peto OR Peto

odds ratio

“The total sample size was relatively small

"The confidence interval was relatively wide

“The results of different studies were obviously different

r r
Chuchalin et al (2008)
Berger et al (2010)
Woodcock et al (2011)
Busse et al (2012)
Meltzer et al (2012)
Busse et al (2014)
Byrne et al (2014)
Meltzer et al (2015)
Beasley et al (2019)

Total (95% CI)
Total events

Experimental Control Peto Odds Ratio Peto Odds Ratio
Even Total Events Total Weight P Fix % Cl P Fix: % Cl
104 1943 20 315 34.2% 0.83[0.49, 1.39]
16 598 3 1583 7.3% 1.34 [0.43, 4.14] I
4 440 2 101 2.2% 0.38 [0.05, 2.97] - |
6 519 1 103 23% 1.18[0.16, 8.75] -
7 370 7 376 84% 1.02 [0.35, 2.93] -1
10 232 4 115 7.3% 1.24 [0.40, 3.85] I
1 121 4 121 3.0% 0.30 [0.05, 1.73] -
4 152 4 152 4.8% 1.00 [0.25, 4.06] -1
45 449 17 226 30.5% 1.35[0.78, 2.35] =
4824 1662 100.0% 1.01 [0.74, 1.37] 2
197 62 . . . .
0.01 0.1 1 10 100

Heterogeneity: Chi? = 4.74, df = 8 (P = 0.78); I>= 0%
Test for overall effect: Z = 0.06 (P = 0.95)

Fig.3 Use of ICS and risk of influenza. /CS inhaled corticosteroids
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Table 3 Summary of risk of influenza comparing ICS vs non-ICS treatment using different meta-analysis pooling methods

Risk of influenza No. of Patients ~ No. of Peto OR (95% CI) RR (95% CI) P P
Studies
ICS treatment vs non-ICS treatment 6486 9 1.01 [0.74, 1.37] 1.01[0.76-1.35] 095 O
Long-term use of ICS vs non-ICS treatment 4026 4 1.05[0.75, 1.48] 1.05[0.77-1.44] 0.76 0
Short-term use of ICS vs non-ICS treatment 2460 5 0.85[0.42, 1.69] 0.85[0.43-1.68] 0.63 O
High-dose ICS treatment vs non-ICS treatment 1163 2 0.68 [0.16, 2.86] 0.71 [0.19-2.57] 0.6 0
Medium-dose ICS treatment vs non-ICS treatment 611 2 1.14 [0.41, 3.18] 1.14[0.42-3.10] 0.8 0
Low-dose ICS treatment vs non-ICS treatment 4865 6 1.03 [0.75, 1.42] 1.03[0.76-1.39] 0.86 O
Fluticasone treatment vs non-ICS treatment 4756 6 0.84 [0.56, 1.25] 0.85[0.59-1.23] 038 0
Budesonide treatment vs non-ICS treatment 1730 3 1.3 [0.82, 2.08] 1.2910.82-2.05] 027 O
ICS treatment and risk of influenza in adults and adolescents 6182 8 1.01 [0.74, 1.38] 1.01 [0.75-1.35] 095 O
(12 years and older)
ICS treatment and risk of influenza in children (6-11 years) 304 1 11[0.25, 4.06] 1[0.25-3.93] 1 _

ICS inhaled corticosteroids, Peto OR Peto odds ratio, CI confidence interval, RR risk ratio

Experimental Control Peto Odds Ratio Peto Odds Ratio
T n P ixi 9 Fi % Cl

Long-term use of ICS and risk of influenza
Chuchalin et al (2008) 104 1943 20 315 42.6% 0.83[0.49, 1.39]
Meltzer et al (2012) 7 370 7 376 10.4% 1.02[0.35, 2.93] -1
Busse et al (2014) 10 232 4 115  9.0% 1.24 [0.40, 3.85] -
Beasley et al (2019) 45 449 17 226 38.0% 1.35[0.78, 2.35] Sl
Subtotal (95% CI) 2994 1032 100.0% 1.05 [0.75, 1.48] L 2
Total events 166 48
Heterogeneity: Chi? = 1.69, df = 3 (P = 0.64); 2= 0%
Test for overall effect: Z=0.30 (P = 0.76)
Short-term use of ICS and risk of influenza
Berger et al (2010) 16 598 3 153 37.4% 1.34[0.43, 4.14] —
Woodcock et al (2011) 4 440 2 101 11.2% 0.38 [0.05, 2.97] - 1
Busse et al (2012) 6 519 1 103 11.9% 1.18 [0.16, 8.75] -
Byrne et al (2014) 1 121 4 121 15.3% 0.30[0.05, 1.73] -
Meltzer et al (2015) 4 152 4 152 243% 1.00 [0.25, 4.06] T
Subtotal (95% Cl) 1830 630 100.0% 0.85[0.42, 1.69]
Total events 31 14
Heterogeneity: Chi? = 2.74, df = 4 (P = 0.60); I>= 0%
Test for overall effect: Z = 0.48 (P = 0.63)

0.01 0.1 1 10 100
Favours experimental Favours control

Fig.4 ICS of different durations and risk of influenza. /CS inhaled corticosteroids

approach were also consistent with the results calculated by
Peto OR approach (Table 3). There was no obvious hetero-
geneity among the studies (all /> < 50%).

ICS treatment and risk of influenza in different age
subgroups

Of the eligible RCTs, eight trials assessed ICS treatment in
adults and adolescents (12 years and older, ranging from 12
to 81 years), and one trial assessed ICS treatment in children

(6-11 years). According to the Peto approach, ICS treatment
did not increase the risk of influenza in adults and adoles-
cents (Peto OR: 1.01, 95% CI 0.74-1.38, P=0.95) (Fig. 7,
Table 3), or did it increase the risk of influenza in children
(Peto OR: 1, 95% CI 0.25-4.06, P=1) (Fig. 7, Table 3).
The above results were rated as high- and moderate-quality
evidence by GRADE assessment (Table 2). The results of
Mantel-Haenszel approach were also consistent with the
results calculated by Peto OR approach (Table 3). There
was no obvious heterogeneity among the studies (> < 50%).
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Experimental Control

Peto Odds Ratio Peto Odds Ratio

r I Even Total Events Total Weight P Fix % CI P Fix % CI
High-dose ICS treatment and risk of influenza
Woodcock et al (2011) 4 440 2 101 48.5% 0.38 [0.05, 2.97] — &
Busse et al (2012) 6 519 1 103 51.5% 1.18 [0.16, 8.75] T
Subtotal (95% CI) 959 204 100.0% 0.68 [0.16, 2.86]
Total events 10 3
Heterogeneity: Chi? = 0.60, df = 1 (P = 0.44); = 0%
Test for overall effect: Z = 0.53 (P = 0.60)
Medium-dose ICS treatment and risk of influenza
Berger et al (2010) 4 154 3 153 46.8% 1.33[0.30, 5.94]
Meltzer et al (2015) 4 152 4 152 53.2% 1.00 [0.25, 4.06]
Subtotal (95% CI) 306 305 100.0% 1.14[0.41, 3.18]
Total events 8 7
Heterogeneity: Chi2 = 0.07, df =1 (P =0.79); I?= 0%
Test for overall effect: Z = 0.26 (P = 0.80)
Low-dose ICS treatment and risk of influenza
Chuchalin et al (2008) 104 1943 20 315 38.0% 0.83[0.49, 1.39] —a-
Berger et al (2010) 12 444 3 1683 7.5% 1.35[0.42, 4.37] -
Meltzer et al (2012) 7 370 7 376 93% 1.02[0.35, 2.93] -1
Busse et al (2014) 10 232 4 115 8.1% 1.24[0.40, 3.85] -
Byrne et al (2014) 1 121 4 121 3.3% 0.30 [0.05, 1.73] - |
Beasley et al (2019) 45 449 17 226 33.9% 1.35[0.78, 2.35] =
Subtotal (95% CI) 3559 1306 100.0% 1.03 [0.75, 1.42] L 2
Total events 179 55
Heterogeneity: Chiz = 3.83, df =5 (P = 0.57); 2= 0%
Test for overall effect: Z =0.18 (P = 0.86)

0.01 0.1 1 10 100

Favours experimental Favours control

Fig.5 ICS of different doses and risk of influenza. /CS inhaled corticosteroids

Discussion

To our knowledge, this study is the first meta-analysis to
systematically assess the association between the effects of
various doses and types of ICS on the risk of influenza in
patients with asthma. This meta-analysis of 9 RCTs (includ-
ing 6486 patients) demonstrated that use of ICS was not
associated with an increased risk of influenza compared to
the non-ICS treatment. Considering the pooled result may
not avoid heterogeneity due to the variables of medica-
tion details, subgroup analyses were conducted based on
durations, doses and types of ICS. The results of subgroup
analyses further verified the above pooled results. To ensure
the reliability of the study, we used two different meta-anal-
ysis approaches (Peto OR approach and Mantel-Haenszel
approach) to calculate the pooled results, and the results
were similar with each approach. These results add to safety
evidence of ICS as a regular treatment for patients with
asthma, which may reduce insufficient use of ICS and help
achieve better control of disease in patients with asthma.

A locally high concentration of ICS in the respiratory
tract and lung may have immunosuppressive effects and thus
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lead to respiratory infections. Studies have suggested that
corticosteroids could inhibit macrophage functions [32],
suppress the activation of T cells in the airways [33, 34],
and induce the apoptosis of dendritic cells [35]. Therefore,
it is seemingly plausible that ICS treatment may increase the
risk of respiratory infections in patients using ICS regularly.
There have been growing concerns about the association
between ICS treatment and the risk of respiratory infections.
Large meta-analyses of RCTs have demonstrated that use
of ICS could significantly increase the risk of pneumonia
[4, 5], tuberculosis [6] and upper respiratory tract infec-
tion [7] in patients with COPD. However, there are fewer
studies assessing the possible link between ICS treatment
and respiratory infections in patients with asthma. It could
be speculated that the possible immunosuppressive effects
due to ICS also exists in patients with asthma, which may
lead to higher risk of respiratory infections for the asthmatic
patients. A cross-sectional study reported that children with
asthma taking ICS regularly were almost four times more
likely to have oropharyngeal streptococcus pneumonia colo-
nization than those not taking ICS [36]. A meta-analysis of
observational studies also revealed a significant increased
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Fig. 7 ICS and risk of influenza in different age subgroups. /CS inhaled corticosteroids

risk of pneumonia in patients with asthma associated with
ICS treatment [9]. Moreover, in 2018, Yang et al. published
a meta-analysis including 17 RCTs (15,336 subjects) and
reported that ICS treatment significantly increased the risk of

upper respiratory tract infection [10]. Studies have reported
that patients with asthma are more susceptible to influenza,
especially some cases with poor controlled asthma condi-
tion may result in severe influenza or even death [12, 14].

@ Springer
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However, whether ICS treatment increases the risk of influ-
enza in patients with asthma remains unclear. Since influ-
enza is highly contagious and also one of the most common
respiratory infectious, which can be severe, and result in
hospitalization, even death, it is important to clarify the pos-
sible link between ICS treatment and the risk of influenza.
Especially, a recent Cochrane systematic review suggested
uncertainty about the effectiveness of influenza vaccination
in patients with asthma [37]. Therefore, it is worthy to con-
duct a meta-analysis of all available RCTs to assess the asso-
ciation between use of ICS and risk of influenza in patients
with asthma. However, the results of our meta-analysis are
the opposite of the above meta-analyses related to the risk of
respiratory infections in patients with COPD or asthma. The
pooled results revealed that ICS treatment did not signifi-
cantly increase the risk of influenza in patients with asthma.
In addition, the results of subgroup analyses based on dif-
ferent treatment durations, different doses, different types of
ICS and different age subgroups were also consistent with
the above pooled results. Our findings could be used for
medication reference in the management of asthma.

The results were unexpected. It is not clear why use of
ICS increases the risk of some kinds of respiratory infec-
tions, such as pneumonia and tuberculosis but not influenza.
Possible explanations can be considered. First, influenza is
an acute respiratory infection, in which innate immunity
of human plays a fundamental role, because type I innate
response is essential to limit influenza virus replication
and spread [38]. One study by Schleimer et al. suggested
that corticosteroids might effectively suppress the adaptive
immunity of the airway epithelium but not the innate immu-
nity [35]. Second, use of oral steroids may be a potential
confounder, since patients taking placebo are more likely to
using oral steroids of higher dose because of a poorer asthma
control [39]. Unfortunately, data about the oral steroids used
in the included trials can not be obtained. Therefore, further
studies are needed to reevaluate the association between ICS
treatment and risk of influenza in patients with asthma. Our
findings support the findings of a previous meta-analysis of
RCTs conducted by Dong et al., which revealed use of ICS
was not associated with the risk of influenza compared to the
non-ICS treatment in patients with COPD [40]. Moreover,
we further verified the association between ICS treatment
and risk of influenza through stratified analyses based on
durations, doses and types of ICS, which ensured the reli-
ability and precision of the conclusion.

However, our results were not consistent with the large
Toward a Revolution in COPD Health (TORCH) trial, which
suggested that long-term use of ICS may increase the likeli-
hood of influenza in patients with COPD. We suggest two
possible explanations. First, compared to the COPD patients
included in their study (mainly severe or very severe COPD
patents), the airway inflammation of almost all asthmatic
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patients can be better controlled with ICS. Second, another
possible explanation might be that the demographic charac-
teristics of patients between the two studies varied widely,
especially the patients included in our study were mainly
young asthmatic adults whereas in their study were dom-
inantly the aged COPD patients with a greater burden of
comorbidities. Similarly, in 2017, Cazeiro et al. published
a meta-analysis including a total of 31 randomized trials
enrolling 11,615 children with asthma. Findings in their
study reported that regular ICS treatment may not increase
the respiratory infections in children with asthma [39].

Due to the differences in immune status, pathophysiol-
ogy and treatment between asthmatic adults and adolescents
(12 years and older) and asthmatic children (6—11 years), the
Global Initiative for Asthma (GINA) guideline has made
recommendations on the use of ICS for them, respectively.
Considering that age may be associated with the risk of
influenza after ICS use, we conducted a subgroup analysis
according to the age subgroups. Our results showed that ICS
treatment did not increase the risk of influenza in adults and
adolescents or children, which further confirmed the conclu-
sion that ICS did not increase the risk of influenza in patients
with asthma.

A major strength of this meta-analysis was that we used
a comprehensive search strategy and explicit eligibility cri-
teria including all available RCTs, thus enhance the gener-
alizability. In addition, the rigorously use of the GRADE
approach to rate the quality of evidence provided by the
results. In addition, an assessment of the results stratified
by various medication details ensured the reliability of
the study. Moreover, we used two different meta-analysis
approaches to calculate the pooled results, which also
ensured the reliability of the study. As far as we know, this
is the first meta-analysis to assess the association between
the effects of various doses and types of ICS on the risk of
influenza in patients with asthma.

This study had some limitations mainly owing to the
challenges of assessing drug safety in clinical trials [41].
First, the results of the meta-analysis were weakened by the
sample size. Only one trial assessed mometasone treatment,
which prevented us from performing further subgroup analy-
sis of mometasone treatment. Second, significant clinical
heterogeneity weakened the results of this meta-analysis.
The baseline characteristics and follow-up periods of the
included studies varied, which may limit the generalizabil-
ity of the present results. However, we conducted multiply
subgroup analyses to minimize the influences of clinical het-
erogeneity. Finally, underreporting of adverse events is com-
mon in most clinical trials. And this inherent methodological
defect of clinical trials is the main factor limiting the results
of all meta-analysis of drug safety. However, as a result of
blind outcome assessment, the underestimate of incidence
of influenza could not substantially affect the results of the
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meta-analysis as underreporting may occur equally in both
treatment group and the control group.

Conclusion

In conclusion, our results reveal that, use of ICS does not
increase the risk of influenza in patients with asthma. These
results add to safety evidence of ICS as a regular treatment
for patients with asthma.
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